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Introduction 
During the last 10,000 years of human history textiles increasingly took over as the 
primary material for clothing and many other, utilitarian items. The acquisition of textiles 
became an economic necessity and while different cultures have found different solutions 
to the problem, most have combined production and trade to varying degrees.
1
 Whereas 
much of textile manufacture happened on a household level, some textile products were 
traded over long distances in the form of raw materials, semi-finished items (e.g. combed 
wool or yarn) or finished textiles. The desirability of the traded goods was often 
determined by their raw material and/or its quality. In this article, I will focus on one 
particular textile raw material, sheep wool. 
Sheep wool has been and still remains one of the major fibres for textile making.
2
 
It derives from the coat of domestic sheep (Figure 1) and has properties that differ 
markedly from plant materials, which explains its quick popularity soon after its 
adoption. Its fibres have a scaly surface (Figure 2), which accounts for wool’s ability to 
felt, resulting in water- and wind-proof fabrics. The scales and the crimp (number of 
bends per unit length) produce air pockets between the fibres making wool an excellent 
insulating material against heat and cold. Wool fibres stretch much more easily than bast 
fibres and hence are very elastic, making it a much more suitable fibre for weaving in 
twill technique, which developed during the Bronze Age and became the predominant 
type of weave during the Iron Age in most of Europe.
3
 In fact, the earliest extant wool 
textile finds from Shahr-i Sokhta, Iran, already include examples of twill.
4
 Unlike plant 
fibres, which are generally difficult to colour, wool comes in a variety of shades naturally 
and can be dyed easily a multitude of bright hues. All of these properties make wool one 
of the most useful types of fibre available, and it is not surprising that in ancient times it 
was one of the main textile materials, particularly for clothing.  
Another reason for wool’s popularity is the relative easiness with which it could 
be obtained compared to other fibres.  Traditional animal husbandry does not require 
complex technology and today sheep are still a common sight throughout many rural 
areas even in densely populated Europe. The advantage of sheep herding over, for 
example, flax cultivation is that wool, as a fibre, does not require prime agricultural land; 
in fact, non-agricultural areas can be utilized as pastures.
5
 Wool does not require 
ploughing, sowing, weeding, or harvesting, and it is less affected by soil and weather 
conditions. Fewer herders are needed to tend the flock in order to produce a greater 
volume of fibre than would be generated by the same people cultivating flax. The 
agricultural labour, which would have been necessary for flax growing, could therefore 
be diverted to other tasks. The preparation of wool fibres for spinning is a technology 
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relatively less weather-dependent and time-constrained than the numerous stages of flax 
post-harvest processing.  
Sheep husbandry also has broader significance for the small household. A few 
animals can provide enough wool for household consumption. Although in the past large-
scale wool manufacture was controlled by the elite social strata (and it has even been 
argued that control over sheep flocks led to the development of complex and hierarchical 
social systems),
6
 small-scale production must often have been carried out for the needs of 
each individual household, at least in a non-urban setting.  
For all these reasons, sheep wool has been the major animal textile fibre since 
what Andrew Sherratt has called the ‘secondary products revolution’,7 which involved 
the use of domestic animals for the exploitation of ‘renewable’ secondary products such 
as milk and wool, and the dates and geographical details for which are a matter of 
constant revision.
8
 Although sheep domestication process commenced in the Fertile 
Crescent approximately 10,500 calibrated radiocarbon years BP,
9
 the direct evidence for 
the use of wool fibre in textile production can be dated back no earlier than the 4
th
 
millennium BCE. Some of the earliest textile remains made of sheep wool come from 
Shahr-i Sokhta, Eastern Iran, and date to ca. 3100-1800 BCE. Irene Good analysed 43 
samples made of sheep wool from the site, and categorised them into at least eight 
separate types of fleece.
10
 Recently, wool was also reported as the raw material in the 
textiles of Majkop Kulture found at Novosvobodnaya in the North Caucasus, dated to 
3700-3200 BCE.
11
 In the following millennia, wool became an important and, in some 
areas primary, textile material. 
 
Wool Trade 
Being a lightweight material and coming in a variety of colours and qualities, it is hardly 
surprising that wool has been a short and long-distance trade item par excellence 
throughout its history. Even to this day, the seat of the Lord Speaker in the House of 
Lords of the Parliament of the United Kingdom is a large square bag of wool called the 
‘woolsack’, a reminder of the principal source of English wealth in the Medieval period, 
when wool trade was one of the most important economic sectors.
12
 As trade material, 
however, wool is invisible archaeologically, not only because of its perishable nature, but 
also since, like other raw materials, it was subsequently worked into finished products.  
Our evidence for ancient wool trade is hence fragmentary and often indirect. The sources 
of information include written texts and archaeological textiles made of wool.
13
 Scientific 
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analyses of the latter, including fibre quality analysis as well as strontium and stable 
isotope tracing, may provide direct evidence of the movement of wool over long 
distances, although we cannot always be certain whether it circulated in the form of raw 
fibre, spun yarn or woven textiles. 
 
Written sources 
A variety of the extant written sources from the ancient Near East demonstrate that wool 
was traded extensively there at least since the Early Bronze Age.
14
 The information on 
wool trade is particularly detailed in the archives documenting the Old Assyrian trade in 
the Anatolian city of Kaneš (modern Kültepe in Turkey). Here, the data concerning the 
quantities and types of wool traded are recorded, as well as their prices, places of 
provenance, and organisation of trade.
15
 In some cases, substantial quantities of wool 
(500 talents=15 metric tons) were traded.
16
 Notably, different qualities of wool are 
mentioned in the Bronze Age texts, some of which were associated with specific 
geographical locations or colour, but mostly referred to by qualifiers such as ‘good’, 
‘soft’, ‘long’, ‘new’ or ‘inferior quality.17 It is, however, unclear if different varieties of 
sheep with different fleece qualities existed that would approximate modern breeds. 
Fast-forwarding to the 1
st
 millennium BCE, there is some written information 
about wool traded in the Mediterranean area. The case at hand is that of the Milesian 
wool, famous throughout the ancient Greek world.
18
 Thus, the inhabitants of Sybaris, a 
Greek city in southern Italy, were reputed for wearing garments of Milesian wool.
19
 On 
the other hand, another south Italian Greek city, Locri, passed a law prohibiting men from 
wearing garments made of Milesian wool, regarded as excessively luxurious.
20
 
Occasionally, the quantities of wool traded are mentioned as well. For example, 
Syracusia, an enormous ship designed by Archimedes and built around 240 BCE, 
reportedly carried, among other things, 20,000 talents (=520 metric tons) of wool on its 
maiden voyage from Syracuse in Sicily to Alexandria in Egypt.
21
 
By the beginning of the Common Era, different qualities of wool were available 
to Roman consumers.
22
 The 1
st
 century CE Roman writer Columella, in is agricultural 
opus De Re Rustica, rated northern, Gallic races of sheep, especially that of Altino (near 
modern Venice), as superior to those of Calabria, Apulia, Tarentum in southern Italy and 
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Miletos in Asia Minor.
23
 Martial
24
 and Tertullian
25
 also refer to the high quality of wool 
from Altino.
26
 Lead tesserae from Iulia Concordia and Altinum in northern Italy mention 
wool (vellera), although it is uncertain whether it was a trade item in itself, or served as 
the packing material for other goods.
27
 
Columella’s contemporary, encyclopaedian Pliny the Elder also gave a very 
detailed description of various wools traded in his time,
28
 although according to him, the 
most valued wool came from Apulia.
29
 Tarentine and Canosine wools in particular were 
regarded as some of the best and were exported raw.
30
 The second best was the wool of a 
Greek breed, confusingly also called Italian, and the third place was held by the Milesian 
sheep from Asia Minor.  
It is clear from these descriptions that specific varieties (breeds?) of sheep, 
differing in the colour, length and thickness of their fleece, were established in different 
areas of Italy and the Mediterranean by the 1st century CE. The question arises whether 
these different sheep and fleeces and their movement can be distinguished in the 
archaeological material.  
 
Archaeological Material 
Archaeologically, sheep have been studied primarily through animal bone assemblages.
31
 
As early as the beginning of the 6th millennium BCE, when the first evidence for farming 
in Europe appears, sheep are among the most important domestic animals and by the 4
th
-
3rd millennia BCE, the mortality data of faunal samples indicate the increasing 
importance of animal secondary products, such as wool.
32
 By 1000 BCE, generalised 
stock-keeping had been replaced by a more intensive fibre acquisition system, with a 
distinct emphasis on wool production as seen in the slaughter of adult animals.
33
 At 
present, however, animal bones often do not provide sufficient data even to distinguish 
unambiguously between sheep and goat, much less between the different types of sheep, 
although important advances based on non-morphological methods have recently been 
made.
34
 Sheep bones also do not help us with understanding sheep wool
35
 – for that we 
need to look at archaeological textiles made of wool. 
 
Textile Analysis 
Creation of a textile involves transformation of raw material through a series of 
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processes. Each stage of this transformation leaves information in the final product, 
which can be recovered through textile analysis. Textile analysis involves assessment of 
the textile’s dimensions, condition, colour, fibres, fibre preparation, twist direction, 
thread count, weave type, edges, applied decoration, faults and use wear.
36
 Many of these 
features are important parameters in themselves, but in combination and, together with 
contextual data, they can be used as social, cultural, chronological and/or geographical 
indicators. Researchers often identify as imports textiles with technical features that are 
not typical for a specific area.
37
 A non-local textile is, however, not necessarily the same 
as non-local raw material and vice versa.
38
  
Fibre analysis 
A method that has been used to identify textile provenance is based on fibre quality 
assessment, which involves measuring the diameter of 100 fibres per thread, and 
statistical analysis resulting in a distribution diagram (Figure 3). In archaeology, analyses 
of wool fibre quality are used to determine the fleece type of prehistoric sheep, enabling 
comparisons with fleeces from modern sheep, particularly the so-called primitive sheep 
breeds, and leading to conclusions about ancient breeds. Sheep fleece contains three parts 
differing in structure and size: kemp (over 100 microns), hair (over 60 microns), and the 
wool itself (Figure 2). Michael Ryder established an evolutionary scheme for wool 
development based on fibre diameter measurements.
39
 Early varieties of sheep had coats 
containing more hair and kemp than wool. Ryder hypothesised that, over the course of 
time, selective breeding has produced increasingly finer and more uniform wool by 
replacing kemp with hair and narrowing the hair diameter. Woolly sheep are believed to 
have developed by the middle of the 4th millennium BCE. Where and when they 
developed is still an open question but the above-mentioned wool textiles found at Shahr-
i Sokhta include examples made of woolly fleeces.
40
 Furthermore, selective breeding 
resulted in the appearance of white fleece permitting dyeing, and the loss of natural 
shedding ability.
41
  
 Ryder’s model provides an invaluable foundation for fibre studies and 
demonstrates a strong link between fibre and textile. However, biological variations of 
fibre composition and the transformations that take place between raw wool and finished 
textile must be taken into account.
42
 A fleece of a primitive sheep may contain several 
qualities of wool. The composition of a fleece also varies between different animals of 
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the same breed and further depends on the sex, age, and physical state of the animal. 
Fibre in a textile, moreover, is a product of numerous processes: breeding, selection, 
processing and finishing. Hence, Antoinette Rast-Eicher proposed a different fleece 
classification system, based on the investigation of rare breed fleeces and archaeological 
material in Switzerland.
43
 Rast-Eicher’s system is ultimately derived from the one used in 
wool industry and assigns single or multiple letters to fleeces with different percentages 
of fibres of different diameter. 
Irrespective of the fleece classification system used, certain distribution patterns are 
discernible, particularly when large sets of textiles are analysed, permitting to identify 
fleeces that do not fit the general pattern and may therefore be identified as of non-local 
origin. Thus, a recent publication of the Bronze and Iron Age wools from Hallstatt, 
Austria noted some unusual Bronze Age ﬂeeces with dyed, naturally nearly white wool 
and fibre diameter measurements that did not correspond to the typical Bronze Age 
ﬂeeces found in the salt mines.44 The authors suggested that these wools either were some 
of the very few white Bronze Age wools available locally, or that they had been imported 
to Hallstatt.
45
 This could be the first evidence for wool trade in Bronze Age Europe. 
Another, later example is the wool from the fragment found in a 4th century BCE 
burial at Cogion-Coste di Manone in Italy. It is composed of much finer fibres than what 
is typical for Italy at this time (Figure 3).
46
 The closest comparison to this find is 
represented by the three samples of wool textiles from a 5th century BCE burial at the 
ancient Greek city of Nymphaeum in Crimea, Ukraine, which have been hypothesised to 
be Milesian imports.
47
 As noted above, the ancient Greek city of Miletos on the west 
coast of Turkey is known from the written sources to have been the originating place of 
sheep with particularly fine fleeces. However, it remains to be ascertained (possibly using 
the strontium isotope analysis described above) whether the wool from Cogion (or those 
of Nymphaeum) was local or not. 
Wool quality analysis was also used to suggest non-local provenance for textiles 
from various medieval contexts as well. A knitted wear fragment found in in the Castle 
Ditche at Newcastle upon Tyne and dated to the 15
th
 century was identified as a likely 
import from Italy, Spain or France, based on the fact that the fleece composition was fine 
and it was furthermore dyed with an exotic dye, kermes.
48
Among the over 400 textile 
fragments recovered from the 13-15
th
 century Elbing in Poland, many were identified as 
English or Spanish (merino) imports, based on the comparison between their wool quality 
histograms and the distribution of fibre in modern samples from the Shropshire and 
Merino breeds.
49
 
 
Isotopic tracing 
                                                 
43
 Rast-Eicher 2008. 
44
 Rast-Eicher and Bender Jørgensen 2013, 1231.  
45
 Rast-Eicher and Bender Jørgensen 2013, 1234. 
46
 Gleba 2012. It should be noted, however, that very few archaeological wools from Italy have been 
analysed to date and statistically more significant sample may change these conclusions in the future. 
47
 Ryder and Hedges, 1973; Ryder, 1974, 103. All other wools of comparable fineness are dated to the 
Roman period or later (Ryder 1974, 102; 1987, 123). 
48
 Walton 1981, 191, 200. See also Walton Rogers 1995. 
49
 Maik 1988, 219. 
 7 
Currently, new scientific analytical methods are being developed for identifying the 
provenance of wool in archaeological samples, based on strontium
50
 and stable isotope 
tracing.
51
 Analysing distribution of these isotopes allows distinguishing between possibly 
local and non-local materials.  
Thus, strontium isotopic tracing investigation of a large pre-Roman Iron Age 
textile found in a bog at Huldremose, Denmark, demonstrated that it was made of a 
combination of wools derived from at least three distinct geographical locations, two of 
them non-local.
52
 Since wools with different strontium signatures occur in the same 
textile, it is clear that raw material was traded rather than textile. Based on the 
homogeneity of the yarn and weave it has been previously assumed that the textile was 
made locally of locally available material, so the results of the strontium analysis force us 
to rethink our assumptions about the organization of wool textile production in Iron Age 
Scandinavia. 
Comparable results were reached by Isabella von Holstein who used carbon 
(δ13C), nitrogen (δ15N), un-exchangeable hydrogen (δ2H), and oxygen (δ18O) to 
analyse medieval wool textile finds from sites around the North Sea, including Iceland, 
the British Isles, Sweden and north Germany: some of the samples regarded as typical for 
the site were demonstrated to have been produced of non-local wool.
53
 Converse also 
turned out to be the case in this study, whereby textiles considered atypical turned out to 
be made of wool with local isotope signature. These results indicate that evaluating the 
origin of textiles based on traditional analytical methods may underestimate the extent of 
movement of wool and wool textiles over long distances.  
 
Conclusion 
Comparison of the results obtained through fibre investigation with Sr, DNA and 
palaeoproteomic
54
 analysis as well as with the information available from the written and 
iconographic sources may provide a much clearer and elaborate picture of ancient wool 
trade and its profound impact on technology, agriculture, animal husbandry and economy 
from prehistory through the Roman period and later. Furthermore, large-scale projects 
which are investigating textiles from Hallstatt in Austria, Switzerland, Scandinavia, Italy 
and other areas are starting to provide important data for comparison. More regional 
studies will allow defining fleece types of a large geographical area, resulting in a better 
understanding of wool and textile trade patterns in the past.  
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